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The results of 393 consecutive orthotopic liver trans-
plants in 313 patients were reviewed to determine the 
incidence of primary biliary tract complications. There 
were 52 biliary tract complications in 393 grafts 
(13.2%), and 5 directly related deaths. Choledochojeju-
nostomy over an internal stent to a Roux-en-Y limb of 
proximal jejunum (RYCJ-S) was the most frequently 
used technique (175 cases) and the most successful with 
only 9 technical failures (5.2%). Choledochocholedo-
chostomy over a T tube (CC-T) was used in 159 cases 
and was successful in all but 20 cases (12.6%). Other 
methods of reconstruction were associated with high 
failure rates or technical complexity that do not justify 
their use. 
Biliary leak and obstruction were the most common 
complications. Leakage after CC-T at the T tube exit 
site was usually directly repaired, but anastomotic leak-
age required conversion to RYCJ-S. Obstruction may 
be relieved by percutaneous balloon dilatation but defin-
itive treatment also usually required conversion to 
RYCJ-S. 
The most common complication after RYCJ-S is func-
tional obstruction by a retained stent, which has a low 
morbidity but may necessitate surgical removal. Anas-
tomotic leaks, which occurred in 2 cases, were success-
fully managed by revision of the choledochojejunostomy. 
The use of cyclosporine-prednisone therapy and standardi-
zation of techniques of liver procurement and implantation 
have resulted in dramatic improvement in patient survival after 
orthotopic liver transplantation (1-3). Nevertheless, technical 
complications are still responsible for substantial morbidity 
and mortality. 
We have previously reported our experience with biliary tract 
complications after orthotopic liver transplantation for 90 
transplants in 78 patients (4). This report extends our experi-
ence to a consecutive series of 393 orthotopic liver transplan-
tations in 313 patients. 
MATERIALS AND METHODS 
Case material. Between March 1, 1980 and December 31, 
1984, 313 patients including 177 adults and 136 children re-
ceived a primary orthotopic liver transplant. Fourteen opera-
tions were done at the University of Colorado Health Sciences 
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Center in Denver, Colorado and the rest at the University 
Health Center of Pittsburgh, Pittsburgh, Pennsylvania. Sixty-
eight patients received a second transplant and 12 patients a 
third liver transplant in this series. 
The indications for primary grafts are summarized in Figure 
1. Cirrhosis was the most common indication for liver replace-
ment. Most of these patients had chronic aggressive hepatitis, 
but a small number had cryptogenic cirrhosis or Laennec's 
cirrhosis. Biliary atresia was the second most common indica-
tion and accounted for nearly 50% of the transplantations in 
children. Sixty-two (45.6%) of the pediatric patients and 137 
(77.4%) of the adult patients were free of primary disease of 
the extrahepatic biliary system. 
Immunosuppression. All patients were treated with combi-
nation cyclosporine-prednisone therapy, as described elsewhere 
(1,3,5). In the last few months of this series, OKT3 monoclonal 
antibody (Ortho Pharmaceuticals, Raritan, NJ) was used for 
the treatment of acute steroid-resistant rejection or as tempo-
rary therapy in patients unable to tolerate therapeutic doses of 
cyclosporine (6). 
Surgical technique. The techniques of donor hepatectomy 
and graft implantation have been described in detail elsewhere 
(5,7,8). We here mention only those features of the operation 
pertinent to biliary tract reconstruction. 
During the donor hepatectomy, the common bile duct is 
divided as distally as possible and the biliary system is flushed 
with saline through an incision in the fundus of the gallbladder. 
This prevents damage to the bile duct epithelium from residual 
bile. 
During recipient hepatectomy, the proximal common bile 
duct is divided as high as possible. Biliary reconstruction is 
deferred until completion of all vascular anastomoses and until 
after complete hemostasis has been achieved. If both donor and 
recipient ducts are suitable, a primary choledochocholedochos-
tomy over a T -tube (CC-T)* is performed with a single layer of 
interrupted 5-0 polyglycolic acid suture. The T tube is brought 
out through a stab incision in the recipient common duct at 
least 5 mm from the duct-to-duct anastomosis and contralateral 
to nearby vascular suture lines. 
If preexisting biliary tract disease or inadequacies of duct 
size do not permit a direct duct-to-duct anastomosis, an 18-
inch Roux-en-Y limb of proximal jejunum is constructed and 
used to perform an end to side choledocho-jejunostomy over an 
internal stent (RYCJ-S). The anastomosis is single-layer 5-0 
* Abbreviations used: CC-S, choledochocholedochostomy with inter-
nal stent; CC-T, choledochocholedochostomy over a T tube; PTD, 
percutaneous transhepatic dilatation; RYCJ -8, choledochojejunostomy 
over an internal stent to a Roux-en-Y limb of proximal jejunum. 
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FIGURE 1. Indications for liver transplantation in 313 consecutive 
patients between March 1, 1980 and aecemb~r 31,1984. 
or 6-0 interrupted or running poly glycolic acid suture and an 
infant polyethylene feeding tube, secured in place with a single 
6-0 chromic catgut suture, is used for the internal stent. 
The Waddell-CaIne procedure (9, 10) in which the gallblad-
der is used as a conduit between donor and recipient biliary 
tract has been rarely used by us. Primary duct reconstruction 
over an internal stent, cholecystoenterostomy, tube cholecys-
tostomy or choledochostomy, or simple external drainage have 
been used only in exceptional circumstances. 
All cases were reviewed to determine the incidence, treat-
ment, and outcome of primary surgical failures of biliary tract 
reconstruction. All patients have been followed for at least one 
year since transplantation. 
RESULTS 
Survival for the 313 patients and 393 grafts is presented in 
Figure 2. There are 199 (63.6%) surviving patients. Patient 
survival is 68.3% at one year and 59.9% at five years. There 
are 189 (48.1%) surviving grafts (ten patients are surviving 
with retransplants done after 1984). 
Technical complications, summarized in Table 1, occurred 
in 87 of the 393 (22.1%) grafts and were responsible for the 
loss of 38 grafts (9.6%) and 24 patients (7.6%). Twenty-five 
retransplantations were performed for technical failures of a 
previous graft, 14 of which were successful. 
Biliary tract complications occurred in 52 of the 393 grafts 
(13.2%), and thus accounted for 59.8% of the 87 technical 
failures. There were 17 failures in pediatric grafts (10.0%) and 
35 failures in adult grafts (16.2%). The incidence of biliary 
tract complications has declined significantly from 24.4% dur-
ing 1980-1982 to 8.0% in 1984. 
The incidence of complications is summarized according to 
the method of biliary tract reconstruction in Table 2. 
Choledochocholedochostomy with T tube stent. Primary duct 
repair over a T tube stent (CC-T) was used in 159 reconstruc-
tions, including 24 children and 135 adults. Complications 
occurred in 20 cases (12.6%), including 4 pediatric cases (16.6%) 
and 16 adult cases (11.8%). 
Biliary leakage, which occurred in 15 cases, was the most 
common complication. Eleven leaks occurred at the T tube exit 
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FIGuRE 2. Survival (life table method) of 313 recipients of 393 liver 
transplants done between March 1, 1980 and December 31, 1984. 
Follow-up is complete through January 31, 1986. 
site with no or minimal symptoms. Simple drainage or closure 
of the opening in the bile duct was sufficient treatment in most 
cases. One patient required conversion to RYCJ -S because the 
T tube exit site was too close to the primary duct anastomosis 
for repair. 
Leakage at the biliary anastomosis, which occurred in 4 
patients, was a serious complication. Two patients died of sepsis 
and another required retransplantation after failure of an at-
tempt at direct repair. 
Biliary tract obstruction occurred in 5 cases, four within 90 
days of transplantation. In 3 patients the obstruction was 
caused by the T tube itself, and in 2 of these it was resolved by 
removal of the T tube. One patient developed obstruction at 
the duct anastomosis that was successfully treated by percuta-
neous transhepatic balloon dilatation (PTD). Ten months later 
the patient required endoscopic removal of common bile duct 
stones. The fifth patient developed a stricture of the proximal 
common hepatic duct which was treated by PTD but recurred 
within 2 years, necessitating conversion to a choledochojeju-
nostomy. 
Choledochocholedochostomy with internal stent (CC-S). Pri-
mary duct-to-duct repair over an internal stent (CC-S) was 
only done in 32 cases, including 17 children and 15 adults. 
Complications occurred in 14 cases (43.8%), including 6 pedi-
atric (35.3%) and 8 adult patients (53.3%). There were 7 biliary 
leaks, 5 obstructions, and 2 cases of hemobilia. Two patients 
died as a direct consequence of these complications. 
All seven biliary fistulas occurred at the biliary anastomosis 
soon after operation. Conversion to RYCJ-S was attempted in 
4 patients and was successful in 2 of them. One patient died of 
cytomegalovirus and Candida infection. Another patient, sus-
pected of having inadequate vascular supply to the distal com-
mon duct, required a second RYCJ-S to correct a late anasto-
motic stricture with stones. Conversion to CC-T was attempted 
in 3 cases but was only successful in one. One patient developed 
a second leak and was successfully converted to RYCJ-S. 
Another patient died from graft failure 2 days after repair. 
A fistula between the hepatic artery and common bile duct 
occurred as septicemia and upper gastrointestinal bleeding 2 
months after transplantation in one case. Angiography dem-
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TABLE 1. Technical complications in 393 orthotopic liver transplants 
Retransplantations Deaths 
Complication Grafts (393) Patients (313) 
Successful Failed Unrelated Related 
Biliary tract 52 (13.2%) 52 (16.6%) 3 1 2 5 (9.6%) 
Hepatic artery thrombosis 27 (6.8%) 25 (7.9%) 10 8 16 (64.0%) 
Portal vein thrombosis 6 (1.5%) 6 (1.9%) 1 1 2 (40.0%) 
Portal vein stenosis 2 (0.5%) 2 (0.6%) 
Portal vein and inferior 1 (0.3%) 1 (0.3%) 1 
vena cava thrombosis 
Inferior vena cava throm- 2 (0.5%) 2 (0.6%) 1 1 1 (50.0%) 
bosis 
Total 87(22.1%) 85 (27.1%) 14 11 6 24 (7.6%) 
TABLE 2. Primary biliary complications according to technique of reconstruction 
Type CC-T CC-S RYCJ-S Waddell- Cholecysto- External Caine enterostomy drainage 
Number 
Successes 
Failures 
159 32 175 6 7 5 
139 (87.4%) 
20 (12.6%) 
15 
18 (56.2%) 166 (94.8%) 5 (83.4%) 1 (14.3%) 
Biliary leak 
Obstruction 
Hemobilia 
Torsion of Roux 
limb 
Biliary cast syn-
drome 
Intrahepatic stric-
tures 
5 
14 (43.8%) 
7 
5 
2 
onstrated a hepatic artery aneurysm. At laparotomy, a mycotic 
aneurysm was resected and replaced with an arterial homograft. 
However, the patient re-bled and died. 
One patient had hemobilia 21f2 years after transplantation 
caused by irritation of the ampulla of Vater by a retained stent. 
The stent was removed at endoscopy. Two months later the 
patient was converted to RYCJ-S for choledocholithiasis. 
Four of the 5 obstructions after CC-S occurred more than 3 
months after transplantation. One was managed by removal of 
the stent at 8 months. Multiple stones were later found in the 
bile duct when the patient was retransplanted for chronic graft 
rejection. One patient was successfully treated by PTD. Three 
patients were successfully converted to RYCJ-S, including one 
patient who also had successful portal vein thrombectomy and 
resection of a portal vein stenosis. 
Choledochojejunostomy with internal stent (RYCJ-S). Anas-
tomosis over an internal stent of the end of the graft common 
bile duct to the side of a Roux-en-Y limb of proximal jejunum 
was used in 175 reconstructions, including 126 children and 49 
adults. Complications occurred in only 9 cases (5.1 %), including 
3 pediatric (2.3%) and 6 adult patients (12.2%). 
There were 2 anastomotic leaks and one leak caused by a 
tear in the donor duct near the cystic duct that had been used 
to insert the stent. All were successfully repaired by revision of 
the choledochojejunostomy. 
Three patients required laparotomy for removal of a retained 
stent causing functional biliary obstruction. A fourth patient 
with clinical signs of obstruction, including dilatation of the 
intrahepatic bile ducts, was explored after several attempts at 
PTD, but intraoperative cholangiography failed to find a site 
of stenosis. The anastomosis was stented with a T tube. 
One patient developed torsion of the Roux-en-Y jejunal limb 
9 (5.2%) 1 (16.6%) 6 (85.7%) 2 (40.0%) 
3 
4 
1 
1 
1 
1 1 
5 1 
1 
3 months after transplantation. A new jejunal limb was con-
structed. 
A 9-year old boy transplanted for Allagille's syndrome devel-
oped dilatation of the intrahepatic bile ducts with numerous 
casts filling the ducts. There was no obvious obstruction of the 
choledochojejunostomy. Lavage-drainage by a percutaneous 
stent failed, even after use of mono-octanoin (Capumil). Revi-
sion of the anastomosis produced no improvement. The patient 
was successfully given another transplant after 87 days. The 
resected specimen confirmed the presence of numerous bile 
casts in both dilated and nondilated intrahepatic bile ducts but 
no mechanical obstruction was identified. 
There were 6 patients who developed intestinal fistulas from 
the Roux-en-Y jejtinallimb. However, these complications were 
associated with other abdominal catastrophes (evisceration, 
electrocautery injury to the bowel, and intra-abdominal sepsis 
from other causes) and were not specifically related to the type 
of biliary reconstruction. 
Other reconstructions. The Waddell-CaIne gallbladder con-
duitwas used in only 4 pediatric and 2 adult patients. Since 2 
patients died of early graft failure and 2 patients had an early 
retransplantation using another method of reconstruction, our 
experience with this method is too limited for meaningful 
evaluation. 
Cholecystoduodenostomy (1 case) or cholecystoenterostomy 
(6 cases) were used in 3 pediatric and 4 adult patients. Compli-
cations occurred in 6 cases. One patient died as a result of an 
unrecognized bile leak from a faulty ligature on the distal 
common bile duct. One pediatric patient developed a large 
fungal liver abscess 2 weeks after operation and was successfully 
given another graft using RYCJ-S. In four patients early ob-
struction of the cystic duct required conversion to RYCJ-S. 
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One of these patients died within 3 weeks of hepatic failure 
and sepsis and another required retransplantation for an injury 
to the portal vein that occurred at reoperation. 
External biliary drainage was performed in 2 pediatric and 3 
adult patients who were unstable and required rapid completion 
of the operation. Two patients survived and required early 
conversion to RYCJ-S because of bleeding in the gallbladder 
or obstruction. 
DISCUSSION 
Throughout the development of orthotopic liver transplan-
tation, the biliary tract reconstruction has always been respon-
sible for the most technical complications (3,4, 11-17). Many 
of the problems encountered in the early years of liver trans-
plantation can be traced to the use of inappropriate techniques 
(16, 17) and delay in recognition and treatment of complica-
tions (15, 16). In our early experience beginning in 1963, one 
of every three recipients developed a biliary obstruction or 
fistula (15, 16). Even without these complications, there was a 
high incidence of bacteremia, probably caused by constant 
contamination of the biliary tree through the cholecystoduo-
denostomy, which was often used until the early 1970s. 
By 1973, cholecystojejunostomy became the preferred 
method of reconstruction. However, narrowing and kinking of 
the cystic duct was frequently responsible for persistent post-
operative jaundice (16). Recognition of this problem permitted 
successful conversion of these grafts to choledochojejunostomy 
(15, 16). In recent years, this procedure has been limited only 
to patients in whom urgency or technical difficulty do not 
permit direct duct-to-duct repair or cholecystojejunostomy. 
Our experience with the Waddell-Caine gallbladder conduit 
has been limited. The complexity of the procedure and its lack 
of significant advantages has led us to prefer other conventional 
methods of reconstruction. 
In recent years CC-T or RYC,J-S have been our preferred 
methods of reconstruction (3, 4, 6). Together, these methods 
were successful in 305 of 334 grafts (91.3%). Similar good 
results have been reported recently in two smaller series (11, 
18). CC-T is an ideal method of reconstruction in the recipient 
with a normal native bile duct; the technique is simple and 
preserves the sphincter of Oddi. The T tube stent protects the 
bile duct from leakage and stricture and provides easy access 
for diagnostic studies. The exit site of the T tube should be at 
least 5 mm from the transection margin of the recipient bile 
duct to prevent necrosis of the intervening segment and con-
tralateral to the neighboring vascular anastomoses to minimize 
the risk of biliary-vascular fistula. The T tube is clamped as 
soon as liver function permits (total bilirubin <2-3 mg/dl). 
Cyclosporine absorption usually improves with clamping of the 
T tube and adjustments in dosage may be required. The T tube 
is left in place for 2 to 3 months after the operation. 
Early recognition of bile leakage or obstruction after CC-T 
permits prompt treatment with minimum morbidity and mor-
tality. The T tube exit site is a frequent site of leaks and can 
often be managed by primary repair. Anastomotic leaks are 
more dangerous and are usually best treated by conversion to 
RYCJ-S. Obstruction is a less-frequent complication, can occur 
early or late, and may be caused by ischemic stricture, severe 
size discrepancy between donor and recipient ducts, errors in 
surgical technique, or functional obstruction by the T tube. 
Percutaneous dilatation has been of benefit in a few cases, but 
is often only of temporary benefit. Conversion to RYCJ-S is 
definitive. 
If the recipient duct is diseased, absent, too short, or too 
small-or if the graft duct cannot accept a T tube-end-to-side 
RYCJ·S is the best alternative and has been, in our hands, the 
most reliable method of biliary reconstruction (94.8% success). 
The most frequent complication of this method, functional 
obstruction of the biliary tree by a retained stent, has little 
morbidity or mortality, but may necessitate surgical removal of 
the stent. 
Duct-to-duct repair over an internal stent is a tempting 
alternative when the bile duct of the graft or the recipient is 
too small to accept a T tube. However, in our experience this 
method is associated with a high rate of serious complications 
(45.3%) and RYCJ-S should be performed instead. 
Most biliary tract complications occur in the first weeks after 
transplantation and the differential diagnosis includes rejec-
tion, hepatic artery thrombosis with secondary biliary tract 
ischemic injury (19), and primary graft dysfunction. Ultra-
sound examinations may detect duct dilatation and intra- or 
extrahepatic collections, but a negative study is unreliable. T 
tube, ERCP, or percutaneous cholangiography can demonstrate 
obstruction or bile fistula (20). Even seemingly small, asymp-
tomatic bile leaks merit prompt repair since peritonitis and 
infection of vascular anastomoses are significant risks. 
Bile cast syndrome (15) with sludge precipitation throughout 
the biliary tree occurred in one case in this series. An unrec-
ognized partial obstruction was suspected but could not be 
proved. During the early postoperative period there was no 
evidence of allograft rejection, sepsis, or drug toxicity. Retrans-
plantation was performed successfully after 3 months. It is 
possible that early bile sludge is the result of an ischemic injury 
of the bile mucosa. 
This extended review of our experience with biliary tract 
reconstruction confirms the findings of our earlier report (4). 
The biliary tract complication is no longer the "Achilles' heel" 
of liver transplantation. Reliance upon standardized methods 
of direct duct-to-duct repair or choledochojejunostomy have 
reduced the complication rate to less than 10%. Prompt rec-
ognition and proper treatment can markedly reduce the mor-
bidity and mortality of complications that do occur. 
Many of the patients in this series have only been followed 
for 12 to 18 months. Even longer follow-up will be necessary to 
identify significant numbers of late biliary tract complications. 
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